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ABSTRACT

The predictability of seasonal prediction for surface air temperature (SAT) in
present is not competent over the mid-latitude, especially over East Asia including
the Korean Peninsula. One of the reasons for low predictability of seasonal prediction
is closely associated with the unreliable predictability of the operational dynamic
models with 3 ~4 weeks lead time over the East Asia region. Moreover it is unfeasible
that the performance of the dynamic model will be improved within the short-term.
Therefore, more information such as the statistical relationship between the
predictant (i.e. SAT in the Korean Peninsula) and other climate factors based on
the historical dataset is able to be critical for improving the predictability of the
operational seasonal prediction.

In this study, the statistical prediction model for the SAT over the Korean Peninsula
in individual months of the winter season is developed based on multiple regression
analysis. For the stable predictability of the model, we tried to discover the climate
predictors that are linked physically and dynamically to the SAT in the Korean
Peninsula. The possible mechanisms of the relationship between the winter SAT
in the Korean Peninsula and its predictors are also suggested in this report.

For predicting the SAT in December, three predictors such as the sea ice
concentration (SIC) over the Kara-Laptev sea, the tendency of ENSO-related sea
surface temperature (SST) over the eastern Pacific and Eurasian snow cover
information are used. The relationship between the predictors and the SAT in
December is stable during the training period. The model shows the high correlation

skill between the prediction and observational SAT (correlation coefficient : 0.75).



The SAT predicted in cross validated hindcast is also highly correlated with the
observational SAT (correlation coefficient : 0.71).

The models for the SAT in January and February are also constructed using
predictors linked dynamically to the SAT in the Korean Peninsula such as the SIC
over the upstream region, the SST variability in the tropical Pacific, the SST variability
over the North Atlantic, and circulation in upstream of East Asia. Even though
the correlation skills of the models for the SAT in January and February are somewhat
less than the model for the SAT in December, the models also show useful skill
in the correlation between predicted SAT and observation (correlation coefficients
* both 0.66 in January and February).

We expect that the prediction information produced using our statistical prediction
model will be useful and helpful in the operational seasonal prediction for the

SAT in the Korean Peninsula.
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A& (Seasonal prediction) FH+= ARl FA A1 F7H7HA] 9] FEENE ofY
2t A A2 Ak At siE Fola vl thH]st=t] S85HA &&E 5 Utk
upebs] gt A-AS JHol| gt AL, FA 2 A BEoKES], olvA], &, &
d 59 877 Z7IA T0] wEh A AlA B2 IrtoA Hoh FEst AddS
HRE YA 5ol Aujasty] gt kglo] AF Folct, AT Q] 714

off 7IHkt Fh AEAZ] e v ¥2 Ao HIHY 1A, 2012).

A9 A7t ¥2 71 583 821 Fof st Ferdo] 3 ~ 43 o]
A 9 AEdE 717 g oS FELEE BAT ¢ gl "iEolth H AARCSE
7P 5t A RdE AdEHZ ECMWE(European Centre for Medium-range and
Weather Forecasting)2} u]=r2] CFSv2(NCEP Coupled Forecast System model
version 2)9 A&E X472 o] sl AEANSHAMNE lead)S AR 2
7 A&/d9] thRES g 9] HBY A4 stA vetal ENSO(EL-Nino
Southern Oscillation)9] @& AFH 0 R Hh= Eejgdat Hr] YR HZ AQJgt
A S9% AYGolA a5 F45] BolAlE ALE YERHTHKim et al. 2012).

(c) Sys4: PRCP
} -
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Figure 1.1 Correlation coefficients of (left) 2 meter temperature and (right) precipitation for (top)
ECMWEF Sys4 and (bottom) CFSv2 for the period of 28 years from 1982 to 2009 winter (Source : Kim
et al. 2012)



2 | SRIT 742X 7|2 AEHUISS st 7SRt Y 2 S| 2 i

gotHdlo] dEAd2 PFE HH Fof JFS WHl(Kumar and Hoerling
2000) ¥¥HH o ® thasnd GAE 50l 7 /i Hdo A5 Bls] LRt
E4L HoFrEs A3t ZHEo] B1EY QItHKirtman et al. 2014; Palmer et
al. 2004). Lee 52(2013)2 A4 7|20 izt Z 7E 2d3} tds2d FAE
B9 712 AEE 2ARIEEE AREE Y F A teoflA Borklor A 7]
2 A54E WS 2oy tsid A=Y A A EIt AT weE S
o] =7 Fol= A& UehgdthFig. 1.2).
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Figure 1.2 The temporal correlation coefficient skill for 1-month lead DJF prediction of 2m
temperature obtained from 13 coupled models and their MME over Asian winter monsoon region
(Source : Lee et al. 2013)
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Climatology SLP & SAT Climatology Z500 & U300

DJF mean DJF mean
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Figure 1.3  (Left column) Climatological sea-level pressure and SAT over East Asia for
DJF-seasonal mean, Dec., Jan. and Feb. (Right column) Same as left column except for geopotential
height at 500hPa and zonal wind at 300 hPa

BoMor AEE 7129 WEZ FoMol AZEwe AlARY JFE AHiFoR
HF=tHJhun and Lee 2004; Jeong et al. 2011). ALE {etAJof tjFo] ¥a] A1
B Adidoz 9 4lo] W¥sks F4 Zolof| s FEtAlor thE B7te] o
7 ASole 719t o® 7I19E(Trough)o]l YERLA Hr o]9F AwEojA of
7] 5159 AlH|glo} X Fofl= et 1171 (Siberian High)o] Wstr] 31 A&
o5 EHjgdolss &F4F A7IY(Aleutian Low)o] Y5t} Su=ts ket
BOMAoF A QoflA= 7|FTA o g AR BFo] Atk 25 7HA "o &
ofrlol ALE 7122 o] EFA LY viEe A Hsle} ofF WHSHA AytEol
thFig. 1.3).
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olg3t FotAlol B4l Thefet A1t W5 (Low-frequency variability)2] J&F
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2 7P He wHolA soR goltd X2 37 e Qe e 8
Yk S Ak gick 7k el How 1 vmel(ge] HoH | o

o]27] o)l s ASHol= sfiro] A2 FIFol G AeE E=4Y <&
o &= v|E 4 tKFrancis et al. 2009; Honda et al. 2009; Overland et al.
2010; Petoukhov and Semenov 2010; Wu et al. 2011;2015; Wu et al. 2016). &
5] FZ A-Ayo] wEd viz-7ket o o] A T AQoA w2 712
HApel ik R E=7o] Wrgy A AEo] o, 11 FokSol fAIshE
SOMAJoF A oA = 7IgEo] WSt 51529 AlH]of 117]9)o] WET 4= Sl=
RS THE0] W2 7S Hole AYo] U3l ¥A SltHHonda et al.
2009; Kug et al. 2015; Mori et al. 2014; Overland et al. 2015). ¥4t ofyz} &=
7+ o] Aot AT ofE=d ¥ Sk <89 ¥isk:s Ao Hush=
B/duk(Planetary wave)?] F& S7HIA ALE HF5H S48=019 Adeks
gtk ol oA tiFH 22 A0 FFE UIA FEAlor tiEd BotAlotd] 71
Gt 71oE 4 9lgo] AAEAUKKIm et al. 2014 King et al. 2015;
Nakamura et al. 2015; Woo et al. 2015a).

BoMot AL MES A JFERE ofYE Fdi9] JFE W= AL
2 &&#HA UtHChen et al. 2013; Huang et al. 2014; Kim et al. 2014; Lee et
al. 2005; Wang et al. 2008). dYx-FH4-5(El-Nino Southern Oscillation)¥}
ATrE Mg fRE5] HE2 24H 3HRossby wave)E F/dsto] ExRb-

= A g0l Y2 PRI 53] 1299 dE2 THoE WP &« ¢
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AE fFEsto] FopAlof 9 Syt 7R WEo| IFE A= AlE dHA Ut
(Kim et al. 2014; Son et al. 2014). 3t Madden-Julian Oscillation(MJO) A
A U ¥ fHEoA BobAor Te] Fko| Fe WA= AlE dHA Ut
(Jeong et al. 2005; Park et al. 2011). sFA|9t o3t A3y <

=& e 3OoMAoF A9 7|2 HEo] 23S HWEA 1o A AFU] W
g 7]%QIA o] thsf] At oFAIZAl SEuEt 71 eI AfdS AARE
= BA gtk

FHUEtE 7242 R Fot ol AEEel] Fd= ot 7] MEHAN §&

ol I 5EF 59 UE A9 ofddo] Tk T HEAGYE ta tE
712 W% EAS HAtKSong et al. 2016; Wang et al. 2010). °l+ 9yt 712

EL 2L 7159047} 43S nHEea 1 sl Eeld Holrt Y e o]
gtk Yol AOE fEhlo} hF L FF HHE Age] AL )L 0.5 ol
o £ ATHL RolAH, St} 71457 ABEL FL)TE 0.3~ 0.4
0] AT BtkFig 1.4). ol 5L Selue} 7|2 WEL Fotol ot
2 Aodo] ujsh AriEoR A0 O3 FFS AA W AL oJulstn e RS
of ofgfo] AftjHoE A W JhsAol Uee ou) webd SeluelE)
A2 713t 2o-dotow AuE A2kt @ /15 QRS s 10

DJF mean Corr. AOl & ZS00 DJF mean Corr. AOl & U200 DJF mean Corr. AOl & SAT

Figure 1.4  Correlation map between AQ index and height at 500 hPa (Z500, Left), zonal wind at
200 hPa (U200, Middle) and surface air temperature (SAT, Right)
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Figure 1.5 Operational process for production of seasonal prediction information in the Korea
Meteorological Administration
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ARt ARl #So] o]FofXl 19739 o]|F9] AmE 7|TwA0 &Estal
ot £ dfolde &8 7Fee 1973~20159 ARl AA7I(Surface  air
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ARSI 1" 2.12 Ut A=E B E 9 1 A7IRY AAgES HoE
o} 198549 oldol= =9 HAPF AujA I whef 1980t SHHEE 2000 &
W7 9 712 HWAZE Aistlal, 2 10999 7R A 29 HAZL SAs)
AHA 109 ool 719 ME E/do] UEHdTtHES], 12¢¥0] F37). & A+
oA ol 7] WE/Ede 1Rt FAlo SAREC] 4 7Tt AT E=
Z(Decadal overfitting)2 A3 &°|7] Yol &8 7Fs3st A 7|7+ ARESto] &
ds 55K
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Figure 2.1 Time series of SAT averaged over the Korean Peninsula in the winter season (DJF),
December (Dec.), January (Jan.) and February (Feb.)
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Table 2.1 Data list used in this study
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ZF A&IAte] Heet F s gttt o] BAYNS e wAHES(Cross
validation)< F35to] 1 PAE HAE SISt
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Figure 3.1.1 Correlation map between SAT in the KP and geopotential height at 500 hPa (Z500,
Left column) and SLP (Right column) in Dec., Jan. and Feb. The black dots represent regions where
is statistically significant at a 95% confidence level.

SHAIRE 7+ @ 2 2yl 7| W] S A= Y44 Teleconnection)
(o)

= Ha APt e & 4 AkFig. 3.1.1). 12¢€3 199 3¢ ezt

84

7|22 Adrgog EFXH9] A5 A1 9 sfHr|gyt 29 S Eeloh

OJAL F-EUe7t F(H)9 E345Y o it F2) Aol U= 71E A2
A}

[
il

1e
]

THThompson and Wallace 1998; Jeong et al 2015; Woo et al.,
2012). & spte] =33 B2 vt 344500 AR 71 didllE, A=E
vt 7122 FHolA £ A A = s FE e o Exot A
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Figure 3.1.2 Correlation map between SAT in the KP and SST (Left column) SIC (Middle column)
and SLP (Right column) in Dec., Jan., and Feb. The black dots represent regions where is statistically
significant at a 95% confidence level.

o7}t et EALZ AYPA] 7Htsf & o s 2 B AY U4
QAETO ATWAHE 5T 4 AtHCheong et al. 2011; Cohen et al. 2007;
Honda et al. 2009; Kim et al. 2014; Kim et al 2014; Kug et al. 2015, Lee et
al. 2006; Mori et al. 2014; Park and Ahn 2014; Son et al. 2014; Thompson
and Wallace 1998;) AA| siFH2re}l E=610 2|1l FefAlob =2 AT -S4
AdE AR 23KFig. 3.1.2), eyt 12¢¥€ 7122 ENSO(EI-Nino Southern
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Oscillation) B B33 A3g2Q1 Ayte] AU WA SirHE2Eoke] T4
Auun, Selfet 129 718S SHEY seuenel ool 4, AsEYde &
of Ahio] Bl Ueht AUu A9 wEd AL Hol Ao et
SR 1903 229 A% @) BHBY weEete] 4ol Foisa ot
@ 2809] 4% AL AGAAL O SO A0l elsteh, pstel s
& 1283 29014 F3sH UehdeFig, 3.2 12800 feboh thsel sl
& SaER o~ SAeol sholxel Sy e okl el e 2
Yol heh-uliz of T Fae ol JAEe HolEth HT BE Ay A
Sol A2 lehrlaz & Aol 4 AT 9 Al RaojNe] BRAu T
ol AYTE WAL el Ao A2 YHalA Avslo] gov, 1 Fehzo
9IRS Bohok 2o] AATES} wes) FT Tt P4 TKs Aol 7S A
Algt Bt QltiHonda et al. 2009; Mori et al. 2014; Kug et al. 2015; Overland
et al. 2015). Se|UHE oj2iet st BAol 2lg) viA-slat o) oyt BAA
4o Uete Ao wekEt fahcl Ade] FHAOIAE SAHOE 9
S SAAo] ehdthFig. 3.1.2). 9] 1293 190 AEeR A8 A

o o

d

= =

Aol KL i, Fotlole] B i, thAl FotAlote] o] AL wf etk B
Hoh WE A4S Btk ol fehlot Ade] B4 9ol selo] Sejuet
7123 ARl 9L H54e gulsied), oleist £Hel HEe LBHTE

w0} 9l Zlow AzkEnt 1299} 199 4% ALEA(Fig. 3.1.1 a and b} =

99 WA(Fig. 3.1.2 g and h) 192 Hlwste 3794 WA QAR ol
o] A1 A7IUAY WA} AXsHe oAk o] B EAo] & ehdch. ojd

@7 Aol 9SS ANT B,

Ade vt 7123 RO Y 9

FeRrlor A9 £ =EY Hgo] &2 TS vIA Ul ¥F2 FA
AW, didi2 f2juet 712 Msd ddE <2 HEe] RY9l 9T FAUs
Ag AgaiFAl G=th. Aol = fERAor tigS FHchks tsIH Y
2 AW 22 29t ti7] Aol Az AJoagste] Heshkes Aom
A&A 9lol(Takaya and Nakamura 2005) A32M8-9] 7Fs/d% Qltt. ofof gt
e 2HE AoiMe &8 ek 240y It BdE o839t A7 2a¥ A

o7 woErt
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3.2 Xt H=(Low-frequency variability)Z}2] SA Az

3. 1804 AAE Az Zo] g2yt AZE 712 ¥52 AOY ENSO 53 22
A AHGlobal) = ¥ Hemspheric) 729 AFIHLow-frequency) 7%
of IF= E=rt wEhA APATol| 7|Htste] LUt ASE 712 WEo] 3
] 7hsAol Sle 7190 B AFu SRS SAVEEdS AL
(Table 3.2.1). BoM o} E5E AFH o2 HHS= AMElop 17|y SFAF A
7199 #5o] Y= ALE 7|2 Wy HE oA At S Hole A
FASt Afolct. SHANE vl JFE HE 4 e fAAT WE, & itk

AREdNE Aol Uehdth AOL St AL 7183 BE olN EA
O GOt ATYS Kol el AL 71 WES dyshr M ast /%

e

9
845 HWHED ST AR A @ U A 712 EME9] °F 10~
15% B=vt A 4= vk 23] 9 E27] A4t 22yt AL 712 Aol

=9 /o] et ol $F A R &gkl F5l59
SOMAoF 7= e W Aol ] EET wie- S A=l 7]
FoltiMori et al. 2015. Takaya and Nakamura 2005; Cheong et al 2011). o]
2hAjot ti52] Z|YAel ] ¥Eo]l dFE v = AUFol 2 Fol AlA

=

TIERE ABTAZE yeRdth 12493 24 fEuEt AR 712 71E-Ek= 9]
W Aol9] e AOFS] A Hot wobAd Al B dEIAtE &8 754l
Us Ao=E moEn U=t AL 7|2 Rl 3R B e VIR
WP(Western Pacific pattern)°|th. WP= HA[H|Z|otof|A A7 ItE BEZ74R] o
JoA SHE & 79T 1L FEol YRR SEyEet dES 295t EAEEYS
199] 7|0l M2 BE o= ¥tk 7I1TuiES TITH3.3.4800A A5
AFE AD). o] WP we2 1297 19l S2uet 7|23 F35 4o A=

olE=z WP7} &9 9 f Syttt w3 EYS & & Uk 9]
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o
& 5

of g7t AL BAMelor Moo B2 el TARY WA FIRES
T dEe] AYIAY WAL Wgsle] Selet I FolAlolR AFIE WAl
B34 OIS 20169 Helst Ausol ek mebd BAelo
AIE B Aoje BAol B2 A% elthe} 7o) 2o AwA
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Uehts Ax WP dftsEo] = A 2o ddi=E e 7% QR Aol
Ueh=8] ENSO(Nino3.4 A5)2] Z-folli= 12¢€0] = o] AJado] yehdtt. 1
93} 2¢¥€ofl= PNA(Pacific North Atlantic pattern)@} &2 29| AaHdo] YehYt
Algk o= PNAQ} A EsjHg A ojxe] wso] UFAF A7|94e] HE} ui¢
DHSHA Aa=7] wizol vehd Zeg AZEH

Setet 712 MBS Ui T 7154 B S W55 Aol Yehix]
o EACS 2do] o3k BE] AL AAYBES Susolof dt
Hehd £0 7FRE @ A4S dEdRA BEA5A Ago] I
A8 WE AT B APHL ol 84Y B A4H mUHAS B

8 Agk At 9l oSl 282 87 Ao

Table 3.2.1  Correlation coefficients between SAT in the KP and the indices of climate modes. Bold
number is satisfied 95% significant level. Red(Blue) color indicates positive(negative) correlation

AO NAO UB SIC SH SAl NSB WP AL ENSO PNA

122 035 -002 -056 043 -058 -031 -039 046 032 039 -006

1 041 021 -049 004 -059 -032 -050 049 050 014 -055

2 031 010 -053 047 -078 -010 -014 013 046 009 -054

X 7|82C Ho|
1. AO, NAO(North Atlantic Oscillation), PNA(Pacific North Atlantic pattern), WP(Western Pacific pattern)
: From NOAA Climate Prdiction Center

2. UB (Ural Blocking) : Z500 anomaly averaged over 60~ 100°E, 50~ 70°N (Cheung et al 2012; Wallace
and Gutler 1981)

3. SIC : Sea lce Conc. anomaly averaged over the Barrents—Kara sea (60~ 100°E, 65~80°N)

4. SH (Siberian High) : Sea level pressure averaged over 80~ 120°E, 40 ~65°N (Gong et al. 2001 and
S0 on)

5. SAI (Snow Advanced Index) : Difference snow cover extent over Eurasian Continent between 1st
week and last week in October (modified the definition of SAI in Cohen et al. 2011)

6. AL (Aluetian Low) : Sea level pressure averaged over 160~220°E, 30~65°N
7. ENSO (Elnino-Southern Oscillation) : Nino 3.4 SST anomaly
8. NSB (Northern Siberian Blocking) : Z500 anomaly averaged over 120~ 150°E, 55~75°N
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3.3 FQ 720X 20 ME 2Lt 712 B

3} 1 Q40| St A slewt %Avo 1 SeRfE Be-a olns
S, A 71 FAIIAY Sl mE St 7129 AL BB

3.3.1 ENSO(EI-Nino Southern Oscillation)

ENSO& dd FEiB YA Ful sigtol o]2& A oA sj+HL Lo BEY
19 At o B golAY B7] <89 BsS BE°] Eiﬁ}—é olt}, o]
Aol g J«l e T}l £33 o] Wale AE W Fi o4t AZFRE 717
A& 7 Yepdtth 78 ENSO 929 2 AUREIWHE 9Ju|st
UrH o= AFHEE ol o FH/A U FEHELoNAE HEH2ETF
HARTH 22(22) JH7t &= PR Aol s IshAE olet o
=o] FEHEYNME BEET A57IREH7IF)7E B3kEe] diRdse] Bd
Hoh S7HHEA)SHL MEBYelAE sH7IR(E57157)7t AstEo] HgiRdse] B
et oppl(AshEls A4S Btk ol2fdt dd uiRdess] ¥ike mhe9 9d
(source)o] Hil SA=E EAH|(Rossby) s FHIQ id2 whso] A A3
713t dHo] L m|HI

I9 3312 94k HYY sieds 542 EY 9(Nino3.4 A > +0.75
REHEA) BV AT A9ALE #HAkel 247129 fde Hojeth Z dEdl A
Uieol AHE PNA-like BFJO] 9243 vido] Sejgg Hu| A oA Flst
A vehdth sARE fEuet FHoAE 12909 SAHCE {3t o] A9
T Xl 7|29 APS HojErh Son 5201402 WYyt vt 12¢of Aef
& 29 oA A7t AAHFEEY FEhotd oy HuE S Yt 5
H FEAL S FHoE 7| HAp RS AAISHAE o] FEAQ 1

714 t7] AokgolA g2 E 7 SYUEE FEAYE v RE5t]
SYugts 7120] £ 57 B A Bl 197} 20| Sy} FHE
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AN o s 1/9H WAV UehiARt BAHC R GosH) ok Rt Bl
Ael

Dec. comp. SAT Jan. Fab.

Figure 3.3.1 Composite map of the SAT (upper row) and geopotential height anomalies (lower row)
over the northern hemisphere during the EI-Nino (Nino3.4 SST ano. ) 0.75 standard dev.) The
black(gray) dots represent regions where is statistically significant at a 95%(90%) confidence level.

ehke] 9o Aunoh vidle] wglo] ekt Aol YA AUk
S8R FeHFig. 3.3.2). 1289 490] Ao} vtz Selutetet dto] A7)
QP WAZE UER AT Seeia] i, 197 299 Aol Seher wu u
o} 7 @olA] B o] Holx] ek
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Dec. comp. SAT Jan. Feab.

Jan. Fab.

Figure 3.3.2 Same as Figure. 3.3.1 but for the La-Nina (Nino3.4 SST ano. { -0.75 standard dev.)

ojet A/ F3FY HIthA/F S AL [ o7t HI QU= Yk
g EALE Aol = A ZtHCapotondi et al . 2015). A/ = 2t
Zto] ol Enit} Avte ddf ¥ A9 tiFEs dHEolA Aol7t Ut 1|
AUk oHE YollA A eHYF 5259 Zol(Inter-El-Nino spread)”} &o]
e A9 SHiEIel Uy ofIE Uoxe] diF&Eo] Aol(Inter-La-Nina
spread)7} ol U= A9 AEjEge|tKim and Kug 2016). T4 Esfl ASE
Ao}l AT AHEFY difdse It FFo] JAT Aizez et
AEE AHES dFge2 gy olHIE it} uje- gefstA UEehd & Ut &
Jutt AL 7|22 AEEY 7259 48489 IFE =l ol=et Sy
o} J¥E YFEE EA wo] Ay wof H5) vk of A1 EAo] Y
EA] = oz weEn:. £ 1280t ENSOQ| I3l F35kaL 193} 28
FEoHA] &2 A2 AL WollA ENSOY Aol wE AHBYg SHBYY tiw
G50k 11 2719} A4 sl UEhY| iz s AZHETKim et al. 2015;
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Son et al. 2014). ENSO} A¢td AMeig gy} SEEY] dirds2 vt
2 FHOJA ] ool AR Wi qeZ Skt Ay o 1299= AHEF
tiF7F 229 sfofl YRSk iR A7 s 2yt FH FEAIL 17|
3 whEs v, 1903 29 AEEY AREES oAt ke ORIAT Welet
W S5 HBYY dFdsol Aste] FEAIL 17149 FEZF & yEhA] &
02 AZETHKim et al. 2015; Son et al. 2014).

ol2fgt WY ke/eLF F7F] BT ENSO Sl wE Lyt A4 712
ARolA= & dehdeh duk 3 f2iust Aed AA 712E AWEU(Table
3.3.1), 12¥9= DBEHs: HoEG e Alle il A veolld ¥ 712
HARE Yepdth 193} 280§ 7] "AE SAHAE 12d9hE F3sHA=
@tk 2y s19] A (Table 3.3.2)°1 12€2 Atdo® 9 7|2 WAt @il
1493} 2¢ole 9 =9 712 WA} vt ey Bhupe] 9oz 3
g 7120 Aol AL Tl ofHHH.

1o no

e o

=!

g

N
£
Mo

Table 3.3.1  SAT anomalies over the KP in the month when Nino3.4 SST ano. ) 0.75 std. The white
boxes indicate the month when do not satisfied the criteria

1982/1983 -05 0.3

1986/1987
1987/1988
1991/1992
1994/1995

Tl Eel Ol gof Hit

1997/1998

2002/2003 -0.8 1.3 bl Eel Ol Zof HAt

2006/2007 05 20 31 Yl Eel Ol 3O HAt
2009/0010 -05 HHE Eel oot 39| Hit

1) 22zt 7142 Ha717k 1981-201019] Aolslal I U off 714713 H4E2] 7133HClimatology)S
o] 717t9] BHFoF oot Utk EE A7 EAENE) Aol wt vt 712 9 F4of tisf o]
HEA7)7E B1Le] wiEAdS TEsio] HidH|s: MY 77he A7gste] dlEo E8ata Qirt. (12€, 1€ 9 299
Fudls #9927k 2 £0.5°C, +£0.6°C 2 +0.7°Colch
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Table 3.3.2  Same as Table 3.3.1 except for the Nino3.4 SST ano. { -0.75 std.

1973/1974
1975/1976
1984/1985
1988/1989
1995/1996
1998/1999
1999/2000
2005/2006

2007/2008

2008/2009 0.6 0.0 3.0

Yl el Ol &of Hat

Yl el Ol 39 HAt

A O

2010/2011

2011/2012

Y g9l Ofot 39| HRt

3.3.2 AO(Arctic Oscillation)

AO+= EHH :LX]Od-‘Jr FTHE A99] sfH7|t e Af1LE HAPE Az S
o] B35 7HAAA AEsh @S Eetth AO® B4 20°N o siw7 |y Hat
€ EOF(Empirical Orthogonal Function)®] A ®HA =2 HFolw|3 BERk HA|
A7 HEY oF 20%E Astrtal 2214 tHThompson and Wallace 1998).
AOE 93 or &Y F2E 7ML QAL BRb 9% AEVRY ¥E5 % 5of
Alof <= AIAEEE AE o] Qlo] FotAorE Egste fEHAoF HiE] 713 4]
A A= o] AcKFig. 3.3.3; Gong et al. 2002; Jeong et al. 2005; Kim and Ahn
2012; Thompson and Wallace 1998; Woo et al. 2012).
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2850 SAT

Figure 3.3.3 SAT(Right) and geopotential heights anomaly at 500 hPa(Left) and 850 hPa(Middle)
regressed on the seasonal mean AO index during the winter season of 1973~2015.The gray dots
represent regions where is statistically significant at a 95% confidence level.

I9 3.3.4= 49 AOZF 3 wj(AO A4 ) +0.75 standard dev.) A3 Z+ 4
o] A7 AT AAE HAE HojEth AOQ AYAAHE E=A9L 29
A1 E HAPZL Alstal Ul FopAof W fEURRE EeE ST A QoAM=
Fol "Wt stttk SEuet o] FY Ak HAks 7155H 5ofAo} 7]
U=l ot 9 FoRrof E9] Bl ou|d 4= glow, wEbA fEUERE 29t
St SOotAlof A QoflA Fof A4G7]2 WAL FR5ie € EE ARl wiglo] o
4:9] Zpo]7} QIAIFE ¥k Ql E42 miS- H|sith AO9] f14do] 228 A we
He(Fig 3.3.5)2> ¥ Y wiet Al /0] & HRlrh HE oA 5o
of A9 Aol 9] Ak HAFF YEAL X472 Ut B2 FdE B
ot
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Dec. comp. SAT . . [l

Jan. Feb.

Figure 3.3.4 Composite map of the SAT (upper row) and geopotential height anomalies (lower row)
over the northern hemisphere during the positive phase of AO (AO index ) +0.75 standard dev.)
The black(gray) dots represent regions where is statistically significant at a 95%(90%) confidence
level.

Dec. comp. SAT . . el

Jan. Feb.

Figure 3.3.5 Same as Figure. 3.3.4 but for the negative phase of AO (AO index ¢ -0.75 standard
dev.)
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AA A f1l e et 72 A AuEY, ¥ AO7F AT dole
S ASE 7]20] #0E ARV ditkeold A BE golA ket B
go]l HyehdtiTable 3.3.3). &2 AO7F 42 wof= Pkt @2 7|22 Hol=
7397t Herol ek 183 2] 9 71 HARE H]l B9k ¥IHst] ko] Ao
vl /ol FRsAlE g2 £74°] UtHTable 3.3.4).

Table 3.3.3  SAT anomalies over the Korean Peninsula in the month when AO index ) +0.75 std.
The white boxes indicate the month when is not satisfied the criteria

+AO 12% 19 28
1974/1975 09 0.1 08
1975/1976 13 20

1979/1980 0.8 -05 -2.7
1982/1983 -05 0.3 -1.9
1988/1989 -04

1990/1991 0.2 0.0 -1.2
1991/1992 lII 1.8 0.1

1992/1993 0.0 0.7

1994/1995 0.9 -0.1 0.0
1996/1997 0.3 -05 0.2

1998/1999 1.3 0.6

1999/2000

2001/2002
2004/2005
2006/2007 0.5
2010/2011

2011/2012 L . Yl Eel Ol 39 HAt
2013/2014 0.0 1.5 14 HH: Eel oot 39 Hit

bR 29l Ok o) Tt

T 9] OlLf Yol BiR}
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Table 3.3.4  Same as Table 3.3.3 except for the AQ index ¢ —0.75 std.

1976/1977
1977/1978 1.7
1978/1979 1.1
1979/1980 0.8 -05 -2.7
1981/1982
1982/1983
1984/1985
1985/1986
1986/1987
1995/1996
1996/1997
1997/1998
2000/2001
2001/2002
2002/2003
2003/2004
2004/2005
2005/2006
2006/2007
2009/2010
2010/2011
2012/2013

B 99l 01 9| TR}

O 9] OlLf ol TR}

Yl el Ol 3O Hit

Y g9 Ofot 39| Hxt

AOE AZE EE oA fEluet 7123 SA2 2= FofRt Aol Y[Rt
AAHEG 0l EA4o] Al A W At FERAMEA} dS0] ule F= AR
dHA Qo IFAT AEHos HYEFsto] Ag A 9 7% BAo] &8
a7} Qick B9 ofdE} X fEAoF EEHY AEE &8st ALE B AOE
d2de =9 + A2 AASE AF7F Ja(Cohen et al. 2011 Kryjov and Min
2016), 9t o]&sto] AZE Hd A0Q] A&/ ol tigh d47F Has|n
Uol fEut AZE 712 al&o JE= &8 7FsA%E AtHAhn and Kim 2014;
Kim and Ahn 2015; Riddle et al. 2013).
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3.3.3 7t=f-HiI= off ot

7R~ AL 5 ofYHd2 19909l F4F o|FE HES| Aokl §low
20009} &1 1 4 FAl= 4613 §9] 7Rl o ¥ das ¥
StEo] IXFE Al otel FoFAlor A O] £8P JRFS WA 4= Slol(Honda et
al. 2009; Mori et al. 2014: Kug et al. 2015) S84zt ALE 715744 € o=
SA3 71$R1A F shtoltt.

Zhet-vkl2 o S eEo] e 23 9 7|2 B4 AFEY] Yo siet-ut
A= FYsr A4S 60~ 100°E, 65~80°N oA Had i HzE 3
o5ttt 1% 3.3.62 7ie-ERZ §f siHo]l Ae wiFReh-eRlz ARG
-0.75 standard dev.)9] aH], AA7|L L AE AYPIE WA} FHEE HojEo)
1293 299 45 <ol 7HY FE2A EA2 Jie-uiEllz o Bk oha i
Z0] 9 A FLojlA 17| ¥(FY] AL I ERFAE Aot s

) ¥y
Zolth. 71 %3459 AMelofel FobAlo} Mol A7 IGH(EE] A9 E)

_
=
R

go] Wsto] FobAlol 45 7Bl QI 352 thEI7Igo] W}, of
AT $EYS TEIE AS XEAY HGE IR Sl PetAE B
nch e 7]o] Egieict oA 199] A%, S A B3 oko] M9juT W

A= %%'5}% S HoARt FotSol= 1171 A |AE HEUA] @Al 23]
Aaeet Fof 712 AT UEs AHEANRE F2A5HA] k)0l U3
l:‘r. ol £ 1293 240 Hls] 149 si(Fig 3.3.6)°] T4 & =of 91,
=0 WAL Fobx o Ak Ro] 717|9h] WAL okd o] Yol F 3}
7Fs7dol Atk shARE ALEESE 1ot oet E4o] Ueh= et el
gs17] fisiAe AR A7 28 Aos wekEn,
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Figure 3.3.6  Composite map of the Sea ice concentration(SIC, upper row), SAT (middler row) and
geopotential height anomalies (lower row) over the northern hemisphere during the month with the
less SIC over the Kara-Barents sea (SIC_Kara-Barents index ) +0.75 standard dev.) The black(gray)
dots represent regions where is statistically significant at a 95%(90%) confidence level.
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Table 3.3.6  SAT anomalies over the Korean Peninsula in the month when SIC_Kara—-Barens index
{ -0.75 std. The white boxes indicate the month when is not satisfied the criteria

12 28

2001/2002
2004/2005
2005/2006
2006/2007

2007/2008

2008/2009 Yl Eel Ok &of Hat
2011/2012 Y el Ol &of HAt
2012/2013 Yl el Ol S°f Hat
2013/2014 Y Eel Olot 39 HAt

3.3.4 WP(Western Pacific pattern)

WP EHEG 29 AR 2 BAHE ol 2| QoA 9] &gt T dEo] 9]
gt SEuetet A3 EFste] EAEESG A GolAY] o] A= tE 4
o7 ZAsslE ggor IHA QtiBranston and Livezey 1987; Wallace and
Gutzler 1981). WP A4== 155°E, 60°NolA9] 500 hPa A911L%= #AReE 155°E,
30°NOJA9] #HA] S 1722 e o2 AoEUtiWallace and Gutzler
1981). WP HdZ AHAE 5 ALE WHao| 7P sty Fotror A EQ] 9% 4
3wt Aol ¥7] wiol FokAlol Eait: A¥hgdol #tHFig. 3.3.7; Park
and Ahn 2016). @b 2juet 7123k 1293 199 52 9] Ado] yveid
THTable 3.2.1).
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Z500 Z850 . SAT

Figure 3.3.7 SAT(Right) and geopotential heights anomaly at 500 hPa(Left) and 850 hPa(Middle)
regressed on the seasonal mean WP index during the winter season of 1973~2015. The gray dots
represent regions where is statistically significant at a 95% confidence level.
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Dec. comp. SAT Jan. Feb.

Jan. Feb.

Figure 3.3.8  Composite map of the SAT (upper row) and geopotential height anomalies (lower row)
over the northern hemisphere during the positive phase of WP (WP index ) +0.75 standard dev.)
The black(gray) dots represent regions where is statistically significant at a 95%(90%) confidence level.

Dec. comp. SAT Jan. Feb.

Jan. Feb.

Figure 3.3.9 Same as Figure. 3.3.8 but for the negative phase of WP (WP index { —0.75 standard dev.)
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Table 3.3.6  SAT anomalies over the KP in the month when WP index ) +0.75 std. The white boxes
indicate the month when is not satisfied the criteria
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Table 3.3.7 Same as Table 3.3.6 except for the WP index { -0.75 std.
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Figure 3.3.10 Lag—correlation map between WP index in December and SIC over the Arctic in
September & October. The black dots represent regions where is statistically significant at a 95%
confidence level.
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JPA AZSEo® sirlo]l S5 7Fs/del &t & SR sieH2=Ad AE W
AR oA o= xS WEE ZRAAL Qlo] AISRIAE &gl 7hsSitt
(Francis et al. 2009; Honda et al. 2009; Petoukhov and Semenov 2010; Wu et
al. 2011;2015; Wu et al. 2016.)
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Period : 1973-2015
Sep. stdev. NCEPri1 SIC Oct. stdev. NCEPr1 SIC [eonc.]

Figure 4.1.1 Variabilities(Standard deviations) of SIC over the Arctic in September and October
based on NCEP r1 and Hadley SIC dataset.

Sep. Kara—Laptev sea region (80-85°N,80~125°E) Oct. Laptev sea region (65-B0°N,105~150°E)
HadISIC VS NCEPrisIC HadISIC VS NCEPrisIC

SIC conc.
&
9

SIC conc.

: : : Corr.=0.98 : : : :
ot 1975 1980 1985 1990 1995 2000 2005 2010 2015 0 1975 1980 1985 1990 1995 2000 2005 2010
Years Years

Corr.=0.94
2015

Figure 4.1.2 Timeseries comparison between NCEP r1 and Hadley SIC averaged over the
Kara-Laptev Sea region in September and Laptev region in October.



4. PR AZE 712 GIEQRL & SACIE 22 E

55 A9 e & o A o] eyt 7|3 Aol AR A
7] 9l ABFAI7E AAE S2vet 124 7123 89 ~ 109 s HAet] 4
T3S AASIITHFig. 4.1.3). B2 Bt B2 I 1S 408 897} 94
o 0.4 olge] BAHLR Rt AAgH/e] Hetdtt. 109+ &= el &
o7k 1 olEz o] o] 8UI 9dHTt HEM UELY] miEo] HET
soflA AEAdel UrE}"PE}. 2} EolA A g/ ol YEhve AL Fatst] -2
et 124 7|23 e e 2R 7P w2 ASRECERAS - +0.61)0]
UEhts 99| Bz JE 559 7He-HZ 8 siise HAH80 ~ 125°E, 80
~85°N)E dIESAAZE Aot cHFig. 4.1.3 middle).

o)

_4

aug.sic VS dec.Temp sep.sic VS dec. Tcmp oct.sic VS dec. Tsmp

&Y

fy.‘/fb'
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over the Arctic and SAT in the Korean Peninsula in December
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Figure 4.1.4 Composite map of the SIC(the first column), SAT (the second column) and geopotential
height anomalies at 500 and 50 hPa (the third and fourth column) over the Northern Hemisphere
in the years when SIC anomaly over the Kara-Laptev sea in September is smaller than its -0.75
standard deviation. The black(gray) dots represent regions where is statistically significant at a
95%(90%) confidence level.

Oct BF anomaly Nov BF anomaly Dec BF anomaly

Figure 4.1.5 Composite map of blocking frequencies in cases of SIC anomaly over the Laptev sea
in October ) 0.75 standard dev.
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Figure 4.1.6 Lag-correlations between the SST tendency(October - September) and SAT in the
Korean Peninsula in December
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Figure 4.1.7 Lag-correlations between the SST tendency index(the predictor for Dec. SAT) and SST
anomalies in Oct., Nov. and Dec.
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Figure 4.1.8 Correlation of the areal extent of October Eurasian snow cover with (a) daily vertical
wave activity flux averaged for all grid boxes between 40° and 80°N and all vertical levels between
850 and 10 hPa, and (b) daily geopotential height averaged for all grid boxes north of 60°N and all
vertical levels between 1000 and 10 hPa. Those values exceeding 90%, 95%, and 99% confidence
intervals based on Student’s t test are denoted by light, dark, and darkest shading, respectively.
(Source : Cohen et al. 2007)
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Figure 4.1.9 Timeseries of snow advanced index in October(Black circle ling) and winter seasonal
mean AO index(Blue circle line) during 1973 ~ 2014
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Figure 4.1.10 Composite map of the snowcover extent anomalies over the northern hemisphere in
the years when the SAI in October is larger(smaller) than its +0.75(-0.75) standard deviation. The
black(gray) dots represent regions where is statistically significant at a 95%(90%) confidence level.
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Figure 4.1.11 Composite map of the geopotential height anomalies at 50 hPa and 500 hPa, sea-level
pressure and SAT over the northern hemisphere during October to January in the years when the
SAl in October is larger than its +0.75 standard deviation. The black(gray) dots represent regions
where is statistically significant at a 95%(90%) confidence level.
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Figure 4.1.12 Same as Figure. 4.1.10 but for the years when the SAl in October is smaller than its
-0.75 standard deviation.
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Table 4.1.1  Correlations coefficients between the SAT over the Korean Peninsula in December and
the predictors. And correlation coefficient among the predictors for the SAT. Symbol **(*)’ indicates
the value which is statistically significant at a 95%(90%) confidence level.
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Figure 4.1.13 Timeseries comparison between the observational SAT over the Korean Peninsula in
December(Black circle line) and the reproduced SAT by the statistical model based on the
predictors(Blue circle line). RMSE and Corr. represent the root mean square error and correlation
coefficient.



52 95t ISR A9 2 S B T

52 | sHiz H4SH 712 7o

Observations VS Reproduced (Cross Validation)

...RMSE=0.97 Corr.=0.71
2
o
a
E
°
~4 397 iseo iees 1990 1995 2000 2005 2010
Coef.regr. Dec. Cross.validation (leap—one—yr)
— SIC
0.4 - —— ENSO
—— SAl
S
o 0 ..................................................................
&
_0‘4. \!

1975 1980 1985 1990 1995 2000 2005 2010

Observations VS Reproduced (Cross Valid, odd&even)
" RMSE=0.93 Corr.=0.74

Temp. ano.

1975 1980 1985 1990 1995 2000 2005 2010

Years

Figure 4.1.14 (Upper row) Timeseries comparison between the observational SAT over the Korean
Peninsula in December and the SAT(Black circle ling) in the cross validated hindcast prediction by
the conventional leave-one-out cross validation(Conv. CV). (Middle row) Variation of multiple
regression coefficients of the predictors in leave—one-out cross validation. (Lower row) same as the
upper row but for Odd&Even CV. RMSE and Corr. represent the root mean square error and
correlation coefficient.
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Figure 4.1.15 (Upper row) Deviation of the predicted SAT from the observation SAT. (Lower row)
Running correlation with 21-year window between the SAT in December and its predictors during
1973 ~2015.
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Figure 4.1.16 Composite map of the geopotential height, SIC, SST and precipitation anomalies over
the northern hemisphere in the years when the difference between observational SAT and predicted
SAT in December is larger(smaller) than its +0.75(=0.75) standard deviation in upper(lower)-row. The
black(gray) dots represent regions where is statistically significant at a 95%(90%) confidence level.
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Figure 4.2.1 Lag-correlations between the autumn season(August, September and October) SIC
over the Arctic and SAT in the Korean Peninsula in January.
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Figure 4.2.2 Composite map of the SIC(the first column), SAT (the second column) and geopotential
height anomalies at 500 and 50 hPa (the third and fourth column) over the Northern Hemisphere
in the years when SIC anomaly over the Kara sea in October is smaller than its —0.75 standard
deviation. The black(gray) dots represent regions where is statistically significant at a 95%(90%)
confidence level.
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Figure 4.2.3 Same as Figure. 4.2.2 but for in the years when SIC anomaly over the Kara sea in
October is larger than its +0.75 standard deviation.
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Figure 4.2.4 Lag-correlations between the SST tendency(October — September) and SAT in the
Korean Peninsula in January.
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Figure 4.2.5 (Left column) Correlation between Nino3.4 index and the observational SAT over East
Asia in the winter season. (Right column) Correlation between SAT regressed multiply on the
precipitation over the western Pacific and central Pacific and the observational SAT (Source : Kim
et al. 2016)
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Figure 4.2.6 Composite map of the SST(the first column), precipitation (the second column) and
geopotential height anomalies at 500 hPa and SAT(the third and fourth column) in the years when
the zonal gradient of SST tendency(Oct.~Sep.) in tropical Pacific is larger than its +0.75 standard
deviation. The black(gray) dots represent regions where is statistically significant at a 95%(90%)
confidence level.
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Figure 4.2.7 Same as Figure. 4.2.6 but for in the years when the zonal gradient of SST
tendency(Oct.-Sep.) over the tropical Pacific is smaller than its —0.75 standard deviation.
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Figure 4.2.8 Lag-correlations between the the geopotential height in October/November and SAT
in the Korean Peninsula in January.
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Figure 4.2.9 Composite map of the geopotential height at 50 hPa(the first column),at 500 hPa(the
second column) and SAT and SIC anomalies (the third and fourth column) over the Northern
Hemisphere the years when the geopotential height anomaly at 500 hPa over the Tamyr Peninsula
region is larger than its +0.75 standard deviation. The black(gray) dots represent regions where is
statistically significant at a 95%(90%) confidence level.
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Figure 4.2.10 Same as Figure 4.2.9 but for in the years when the geopotential height anomaly at
500 hPa over the Tamyr Peninsula region is smaller than its —0.75 standard deviation.
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Figure 4.2.11 Composite map of the snowcover extent anomalies over the northern hemisphere in
the years when the geopotential height at 500hPa over the Tamyr Peninsula in October is
larger(smaller) than its +0.75(-0.75) standard deviation. The black(gray) dots represent regions where
is statistically significant at a 95%(90%) confidence level.
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Table 4.2.1  Correlations coefficients between the SAT over the Korean Peninsula in January and
the predictors. And correlation coefficient among the predictors for the SAT. Symbol **(*)' indicates
the value which is statistically significant at a 95%(90%) confidence level.
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Figure 4.2.12 Timeseries comparison between the observational SAT over the Korean Peninsula in
January(Black circle line) and the reproduced SAT by the statistical model based on the
predictors(Blue circle ling). RMSE and Corr. represent the root mean square error and correlation
coefficient.
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Figure 4.2.13 (Upper row) Timeseries comparison between the observational SAT over the Korean
Peninsula in December and the SAT(Black circle ling) in the cross validated hindcast prediction by
the conventional leave—one-out cross validation(Conv. CV). (Middle row) Variation of multiple
regression coefficients of the predictors in leave—one—out cross validation. (Lower row) same as the
upper row but for Odd&Even CV. RMSE and Corr. represent the root mean square error and
correlation coefficient.
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Figure 4.2.14 (Upper row) Deviation of the predicted SAT from the observation SAT in January.
(Lower row) Running correlation with 21-year window between the SAT in January and its predictors
during 1973 ~2015.
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Figure 4.2.15 Composite map of the geopotential height, SIC and SST anomalies over the northern
hemisphere in the years when the difference between observational SAT and predicted SAT in January
is larger(smaller) than its +0.75(=0.75) standard deviation in upper(lower)-row. The black(gray) dots
represent regions where is statistically significant at a 95%(90%) confidence level.
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Table 4.2.2  Normalized values of predictors for the SAT over the Korean Peninsula in January,
2002 and 2007.
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Figure 4.2.16 The geopotential height at 50 hPa(the first column),at 500 hPa(the second column),

SIC and SST anomalies (the third and fourth column) during October 2001 to January 2002
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Figure 4.3.1 Lag-correlations between the autumn season(September and October) SIC over the
Arctic and the SAT in the Korean Peninsula in February.
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Figure 4.3.2 Composite map of the SIC(the first column), SAT (the second column) and geopotential
height anomalies at 500 and 50 hPa (the third and fourth column) over the Northern Hemisphere
in the years when SIC anomaly over the Barents sea in October is smaller than its -0.75 standard
deviation. The black(gray) dots represent regions where is statistically significant at a 95%(90%)
confidence level.
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Figure 4.3.3 Same as Figure. 4.3.2 but for in the years when SIC anomaly over the Barents sea
in October is larger than its +0.75 standard deviation.
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Figure 4.3.4 Lag-correlations between the SST tendency(October - September) and the SAT in the
Korean Peninsula in February.
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Figure 4.3.5 Composite map of the SST(the first column), precipitation (the second column) and
geopotential height anomalies at 500 hPa(the third column), stream fuction at 850 hPa and SAT(the
fourth and fifth column) in the years when the SST tendency(Oct.-Sep.) in the north of Australia is
larger than its +0.75 standard deviation. The black(gray) dots represent regions where is statistically
significant at a 95%(90%) confidence level.
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Figure 4.3.6 Same as Figure. 4.3.6 but for in the years when the SST tendency(Oct.-Sep.) over the
north of Australia is smaller than its —0.75 standard deviation..
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Figure 4.3.7 Lag-correlations between the SST anomalies(October — September) and the SAT in the
Korean Peninsula in February.
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Figure 4.3.8  Composite map of the SST(the first column), SIC (the second column) and geopotential
height at 500 hPa(the third column) and SAT anomalies(the fourth column) in the years when the
SST overe the Gulf stream region is larger than its +0.75 standard deviation. The black(gray) dots
represent regions where is statistically significant at a 95%(90%) confidence level.
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Figure 4.3.9 Same as Figure. 4.3.9 but for in the years when the SST over the Gulf stream region
is smaller than its —0.75 standard deviation.
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Table 4.3.1  Correlations coefficients between the SAT over the Korean Peninsula in February and
the predictors. And correlation coefficient among the predictors for the SAT. Symbol **(*)' indicates
the value which is statistically significant at a 95%(90%) confidence level.
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Figure 4.3.10 Timeseries comparison between the observational SAT over the Korean Peninsula in
February(Black circle line) and the reproduced SAT by the statistical model based on the
predictors(Blue circle line). RMSE and Corr. represent the root mean square error and correlation
coefficient.
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Figure 4.3.11 (Upper row) Timeseries comparison between the observational SAT over the Korean
Peninsula in February and the SAT(Black circle line) in the cross validated hindcast prediction by
the conventional leave-one-out cross validation(Conv. CV). (Middle row) Variation of multiple
regression coefficients of the predictors in leave—one—out cross validation. (Lower row) same as the
upper row but for Odd&Even CV. RMSE and Corr. represent the root mean square error and
correlation coefficient.
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Figure 4.3.12 (Upper row) Deviation of the predicted SAT from the observation SAT in February.
(Lower row) Running correlation with 21-year window between the SAT in February and its predictors
during 1973 ~2015.
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Figure 4.3.13 Composite map of the geopotential height, SIC and SST anomalies over the northern
hemisphere in the years when the difference between observational SAT and predicted SAT in
February is larger(smaller) than its +0.75(-0.75) standard deviation in upper(lowen-row. The
black(gray) dots represent regions where is statistically significant at a 95%(90%) confidence level.

U4 12¢7 199 712 BA HEAAYE 29 d& Hdo] A ks
g £ digloly 7|31 EAsH=AE 2AH] Yol o= At 2 7
ot 08 QAP & A& Uirol HEHE Fyotth(Fig. 4.3.13). sisH
ToAe FET ATdES 3717 o HYAT = oW 55 vl sfjo49] 5
A= tiAHZQI Al2do] Bt o] #ZSHT oA &3t F9-of AA 2
A vl sfjo A= sfio] BdRETh Wol & ko] UG RHfE = 85
gt 712& AAED A &g F9ols o] B AE HAtt d&Atet
29 712 Alol9] AR & o, sfio] H
o, @27t Fo = & uf o] {2 o] Ue: Ao
Aol Eotal f-2uzet 7]20] WFE AE Zmdo 5
o= gtk AR 10¥ AISQIAR 299 FiH9] HE-S 5] AT = g7

ol LA FEEAE 7RsAel Al

oL ffo Ho Jm



4. S2ILEE H2E 712 SR} U SHOKS B 75 |

sy ABElol 9X4 U AT Skt Aol et AV HF ~¥

2 Y 9A} WL 2w, Avrdon BIAALe L)Y AT
B, FAEE (PO AYNE BAE Bo] 2P A0S W fARE WS
HolEeh, thil WA KR Ot F A9, A 290l 29 AO7H vt
g QU dEgiad 99 AL guiste] o] mde] AgH o|EelxEo] 2

=
2 A0S QT £l WES dEska Ash] ojigite e & S Utk



| S ASE TR AR

52 98t 7SO MY 2 S B TR

£

5. E=2

B ATAE ALH A9 712 29 FFE FAo| Ego] H B4
% % BA FRE AP 915 St AL V1L FAN-Bel-getAel
FBAO] A NFAAAAG AAZAAE TRk EG TBE 2R 7]
uistel 428 9 ¥ B4 BRI FEA 1 PHS HAEs

Aol 17|43 GRAF A7|9e] HEd AFH R AytEo] qr}. o]2Fk Fof
Alob AL Z23 APHor #HE IR o]9o] LU A 7 ¥E2 AO,
ENSO, 7het-vHl= sii)(S% £27) 181 WP 9 53 BAZHCR w2 A4H
e Bk & gEX A A0E v ALE BE dolA 712 f93t
F3S B ENSO9| 9= 124, vill= 7} of s 1297} 29, WP "
o] B9= 1297 1o 47t BAFCRE {ozt S Btk 3 A9 A
= Yol AAl 7 713179 ol mhE vt BE A9 B A

ZF 71317 E& Aol Uehthe dolie AT dAlsk: 7129
| =5t oF 7RIS Fole SAVSEHVERET oyt A AT
o] Qlo] dEAAE F-g 753t JAAHENSO, )= YA AAHFAE] A
v Zjo]ojA] d|Zof &-835}7] T AZHAO, NAO, WP Hehx St} sHA|qt o]fgt

1
NFARAES A0 HASe] 715 Qg W B4 Sl Fgsk HHHO o

==

&
-
Ay
il
o
ot
m
r>~
ofl!
o
+
>
rlo
==
N
NN
=2
fo
12

stk € E dSAet U4 9

steich



5. 22, 95

Table 5.1 Predictors and multiple regression formular for predicting the SAT over the Korean
Peninsual in individual month of the winter season.
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